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1 Introduction
We study the effect of piston position on the in-cylinder swirling flow in a low speed large two-stroke marine
diesel engine model. We are using Large Eddy Simulations in OpenFOAM, with three different models for the
turbulent flow: a one equation model (OEM), a dynamic one equation model (DOEM) and Ta Phuoc Loc’s
model (TPLM). The simulated flows are grid-independent and they are computed in situations analogous to
two different piston positions where the air intake ports are uncovered 100% and 50%, respectively. We find
that the average flow inside the cylinder changes qualitatively with port closure from a Burgers vortex profile
to a solid body rotation while the axial velocity changes from a wake-like profile to a jet-like profile. The
numerical results are compared with measurements in a similar geometry [3] and we find a good agreement
between simulations and measurements. Furthermore, we consider the unsteady flow and identify a dominant
frequency in a power spectrum based on velocity which we show is due to precession of the vortex core, and
compare with measurements of the unsteady flow obtained with Laser Doppler Anemometry.
2 Numerical methods
We study the swirling flow numerically using large eddy simulations [6, 5]. We apply three different models.
The one equation eddy model where the kinetic energy k is solved while another scale is estimated [7, 1, 5, 4, 6],
the dynamic k-equation eddy-viscosity model, where the model constants are recalculated during the simulation
rather than to be pre-calculated [2, 5, 6] and the Ta Phouc Loc model, which is based on the velocity-vorticity
(v-ω) formulation of the Navier-Stokes equations, where two spatial filters are used [8, 9].
3 Computational domain and results
The computational domain is shown in Fig. 1 (a). Flow enters uniformly at an oblique angle which ensures the
overall in-cylinder swirling flow as shown in Fig. 1 (b) [3]. All the results are obtained by simulating the flow
on a grid with 8 million cells.
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Figure 1: (a) Sketch of the cylindrical computational domain shown in grey shades, in the case where the piston
covers the intake ports by 50%. Flow enters radially through the horizontal inlet section and exits through
the vertical outlet. Notice that the exhaust is shortened in the figure. Data are extracted at the enumerated
cross-sectional planes marked by zi, and R = 9.5 cm. (b) Visualization of the three-dimensional time average
streamlines (in blue and green colors) of the mean-field for the 100% open port case. Notice the ‘braided’
separation region shown by red streamlines and the modest pitch of the flow in the main cylinder. The small
inset shows the swirling motion of the streamlines
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Fig. 1 (b) shows the time average stream lines for the 100% open port case. The results shown in Fig. 2
demonstrate that the simulations capture the wake and jet like profiles of the axial velocity but both are not
as pronounced as in the experimental results.
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Figure 2: (a,b) Time averaged axial and tangential velocity profiles for the 100% open ports, (c,d) Time axial
and tangential velocity profiles for the 50% open ports, at the axial position z1/2R = 0.96.
References
[1] L. Davidson. Large-Eddy Simulations: A dynamic one-equation subgrid model for three-dimensional recal-
culating flows. In In 11th International Symposium on Turbulent Shear Flow, pages 3:26.1–26.6, 1997.
[2] M. Germano, U. Piomelli, P. Moin, and W. Cabot. A dynamic subgrid-scale eddy viscosity model. Phys.
Fluids, 3:1760–1765, 1991.
[3] S. Haider, A. Obeidat, K. E. Meyer, and J. H. Walther. Particle image velocimetry of swirling flow in a
pipe. J. Mar. Sci. Technol., submitted, 2011.
[4] Thomas J. R. Hughes, Luca Mazzei, Assad A. Oberai, and Alan A. Wray. The multiscale formulation of
large eddy simulation: Decay of homogeneous isotropic turbulence. Phys. Fluids, 12(2):505–512, 2001.
[5] M. Lesieur, O. Metais, and P. Comte. Large Eddy Simulations of Turbulence. Cambridge University Press,
2005.
[6] Roland Schiestel. Modeling and Simulation of Turbulent Flows. John Wiley & Sons, 2007.
[7] U. Schumann. Subgrid Scale Model for Finite Difference Simulations of Turbulent Flows in Plane Channels
and Annuli. J. Comput. Phys., 18:376–404, 1975.
[8] L. Ta Phuoc. Mode`les de sous maille appliqu´es aux ecoulements instationnaires de´colle´s. In Proceedings of
the DRET Conference: Ae´rodynamique Instationnaire Turbulente-Aspects Nume´riques et Expe´rimentaux,
pages 1–38, Orsay, France, 1994. Lab. d’Informatique pour la Mecanique et les Sciences de l’Inge´nieur.
Centre Natonal de la Recherche Scientifique.
[9] C. Tenaud, S. Pellerin, A. Dulieu, and L. Ta Phuoc. Large eddy simulations of a spatially developing
incompressible 3D mixing layer using the v-ω formulation. Computers & Fluids, 34:67–96, 2005.
ha
l-0
06
00
49
7,
 v
er
sio
n 
1 
- 1
5 
Ju
n 
20
11
